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AfcatMK*; Different vaccination methods have been applied to protect fish against the detrlmen- 
ul effects of vartcus pathogens. Several studies haw shown th* potentials of oral vaccination, m 
theory ofal vaccination is an effortless and stress-free method wto c»r> be applied at almost any 
age, In general, however the vaccin* has to be protected to avoid digestion, which results in high 
costs for application m aquacuHurt-. In this paper we introduce a cost-effective oral vaccination 
strategy for viral diseases of fish. "The vaccines discussed hers include fusion proteins consisting of 
a gut adhesion moiecute and a virai peptide expressed in plants the adhesion molecule mediates 
binding to and uptake from the gut. whereas the viral peptide functions as vaccine antigen medi- 
ating the induction of a humoral immune response The f rst pilot studies using a fusion of the out 
adhesion molecule and ^.characterised heterologous linear 8- and T-ceM viral epitopes, produced 
in potato tutors, shewed i promising Binding and subsequent uptake in the end gut of ca»p, The 
results further indicated that a specific humoral immune response was evoked, 



Introduction 

Since the beginning of mass vaccination in the fish mdusn-y, oral vaccination has 
been one of the methods applied [1 ]. This type of vaccination has been used since 
the mid-1960s to vaccinate humans and especially children on & mass scale against 
polio (2] and proved to be very successful. In fish especially, this type of vaccina- 
tion is preferable since the vaccination via. for instance, injection is labour-inten- 
sive and stressful for fish, potentially resulting in significant losses. However, oral 
vaccinatwR has some drawbacks: (i) the applied antigen (Ag) is often destroyed 
due to protease activity present in the intestinal tract; (ii) oral tolerance can be 
evoked and (iii) the Ag does not necessarily enter the gut mucosa and consequently 
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an immune response is not initiated. Destruction of the Ag in the gut can be avoided 
»y encapsulation (3 4]. Uptake of the Ag may also be favoured by including a 
called mucosal earner to direct the Ag into the gut mucosae. 

Here we present a novel production system for oral vaccines using a plant 
expression system for application in aquaculiure. Both in mouse and human mod- 
els this system has been successfully tested [5-6,7 and references therein]. The 
Kcombuiut vaccines .discussed here axe fusion proteins consisting of the non-toxic 
part of the Escherichia col, heat- labile enterotoxin B-subumt (LTB) as carrier 

£SS£T fld ii VB S widM pa ± ced in p° tato wbers - As * Wi a E 

fflS^ ?W set > ttCnce W in conjunction with a linear B-celi parvo pep- 
LTB Sr.% U S - * C t**" 1 *™** shown > P««to suspensions containing either 
n.nZ ™? L ™- mfl «ff -P»rvo fusion protein were anally intubated in six- to 
nine-month old carp. Subsequent uptake of LTB or LTB-fusion protein (LTB-p) 
was- monitored using specific antibodies against LTB and the parvo peptide 
Humoral immune responses against LTB and parvo peptide were also assessed. We 
observed im uptake of LTB and parvo pepdde in the end gut of carp at least six hours 
afier anal adrnirdstratior. Antibody responses could also be detected, suggest 
response against LTB and parvo peptide. * 

Materials and Methods 

Eximsalon of LTB and UMnffuoraHowvo fusion prot«in in potato 

d^*« 3^«5 1~ . i """tf"*" »«<»fcnn«i«i 5 y,um [S], The influx «d 

Nsh 

Sl^iiwe-inCMiib-alit c«p (Cjprtw; arrpto L.) weighing 75 gl wflre ltl ou , r , sh facjlk 
ceno-t (Do ii w vi»t«) 2n wcireu Mlfli, filtercc »ad U Y-meri liwd water s: 2*"C The fish r« ™i *f S 
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Optftk««xfMrlm*nta 

Potato tubers expressing either LTB or LTB-p were frtea-dried, ground and taken up in PBS approxi- 
mately 3 MS LTB/300 ul), Groups of three fish »'«« anally intubated with 300 jiK- 3 Kg LTB) potato ftiiapciv 
SiOfl. Thr<* and six hours post altubttioa the fish were killed by an overdose of Tricajise Msthar^alphonate 
<TMS. Crescent Rssaatca Chemicals. A2), The end gut was removed «nd fixed in 4 % ?&faforai«Jtfchyde 
(PPA. Merck Whitehouae Station. NJ) for i B tours at VC. Subsequently the PFA fixed gut specimens were 
embedded la paraffin wax end stared it room utmpereture (KT) before use. 



Similar to the uptake experiments fish (n = ygroiip) were intubated with 300 pi f~ 3 i# tTB> P<>»>0 
pension. One group of fish was killed three weeks post intubation and blood was collected (primary response). 
A second group of fish was boostered anally after eight week* (secondary response) and killed two weeks 
post-boosua. upon which blood samples were taken. Tie blood samples went allowed to clot for 18 hoars at 
4C, Sub»es.uentiy. samples ware ecotrifuged (10000 a g, 5 tain. RT), «™n was collected and stored at -HOC 
before use. 



extracts of poutots containing LTB of LTB-p were prepared as described fS), separated usir.g precast 
12.5 » SDS-PACE gels and run undct reduced cofiditioa* (BioRad, Hercules, CA). The proteins were blot- 
ted on w eitro-celtulose membranes (SeMtichet Ntd Sdisi*U, Dassel, Oennany) using art eltctroblw System 
(BioRad). The membranes were blocked with frit taiitftrad saline (TBS) eontttiniag 2 *low fat milk, 0.1 % 
bovine aerum Mbwjniti aid 0. 1 * Tween-20 for one hour at room setnperature CRTY Strip, containing the sep- 
arated potato proteins were SBhjeottently incubated for one hour at RT with either a polyclonal antibody (pAb) 
recognising the LTB monaroer (m«l2, kind gift of Dt J. Langeveld), ttra of carp intubated with LTB-p con- 
taining potato suspensions, of pre-l mmnn e serum The blot* were washed in TBS containing 0, 1 % Tveer.-20 
(TTBS, Merck) followed by incubation with hone radish peroxidaae (KRPj-HnVsd secondary aari bodies at a 
monoclonal antibody reeosjniatag carp scrum Ig (WCf- 12, in the esse of the serum incubated bias). Detection 
was with Lumt-Light Wesicrtt blotting cNjmluniinwccnc: substrate (Roche diagnostics, GmbH, Mannheim, 
Germany) using a Lumi-tmager (Boehrihger Maoaheirw. Germany). 

For the detection of acaimuiaiion of L'fH or UlTS-p in potato tubers, tubers of selected plants were cut 
and printed oa nilro-eellulose paper by pressing. Stas wot incubated as described above and probed with 
mAb recognising LTB pentamer (VD1 2 (5!, or pwvo peptide (3C9, Ingecaia, Madrid, Spain). Detection m 



Maxlsorb ELiSA plates (None, Roskikte, Detanark) were coated for IS hr at 4*C with 100 ul of 4 pc/mi 
anti-parvo peptide mAb (id. Ingenaia) followed ay blocking wiUi 0JS * ASA (Roche, Mannheim, Ger- 
many) for two hours lit RT. Subaequendy Ag (synthesis parvo peptide, kiad gift of Dr. 1 . Langaveld, I yg/rol) 
was added Next, serum from carp, anally immunised with LTB-p or control serum, wax added to some wel i s 
and serially diluted Subsequently anti-parvo peptide spedffc serum antibodies were detected using biotin- 
linkcd mAb recognising carp serum !g <WCt-12). Sample* were diluted ir. PBS containing 0.5 * BSA and 
0.!%Tween 20 (Merck). Finally WQ-12 was dc— : ■•-*- J — * " '- 



U» Netherlands, dilution ; 1 tS.OOO} and TMB peroxidase substrate (Kirkegaard A Perry, Caitfcersburg MD)' 
The substrate was incshated for ?. maximum of 20 mia. and subsequently the OD was measured at 4S0 nm. 
Atuiparvo acres were defined by tte <JiluUcaa of the sample at an OD of 0. 1 . 



cd on noiy-L lysine coated glass slides and rehydrated. Subsequently the sections were probed with a 
pAb recognising the LTB monoroet (mczli) or an mAb directed against the parvc peptide (3C9, Icgettuii). 
Ne*tthe secboni were incubated with KRP linked inti-rabbit (BioRad. to detect anti-lTB pAbi or anti-tBouse 



ti-LT8pAb)or 

(BioRad, to detect anti-parvo mAb) ig antibodies. Omission of primary antibody served as a negative control 
f«r tfc* atainitig sitexifleUy. 94uttist»Htb*i<»rt***aie (A*C. Sigm, St. Louis. MO) w * 
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Results 

Expression of tutlon protein In potato tuber* 

In Figure 2 a tissue blot of selected tubers comprising the LTB-influenia-parvo 
mston protein is shown. The left panel was incubated with LTB-specific mono- 
clonal antibody and the right with parvo peptide specific monoclonal antibody, indi- 
cating accumulation of the fusion protein in the potato tuber. 




*ilh LTS uxS LTB'P eontttucto. 

rata wnn en»- •>'••..". >■ • ■■ — 

(LIS, right) probed with in BlAt> di „ _._ _ _ „ ^ „, 

wi* tunny cooflnKts (coouol potato, left) o* LTB-p <onW» (pUJ. 'hjhTi ^obtdViAM 'iIIaS 
direct aiainst pam> peptide <JC9). 



Potato dorivod t-TB «nd LTB-p it taken up in carp gut mucosa 

To monitor uptake of potato derived LTB or LTB-p in carp gut mucosa upon anal 
intubation, gut of carp treated with LTB or LTB-p containing potato suspensions 
was isolated A? shown in Figures 3b and c, LTB is clearly taken up in the gut 
mucosa six hours post intubation. LTB monomer could be detected in both brush 
border and supranuclear vacuoles, Macrophagc-like cells also contained the LTB 
monomer, suggesting that the LTB can be transferred from the enterocytes into 
large macrophage-like cells in the mucosa (Fig, 3d), Fish treated with control pot*, 
toes show some background staining in the brush border (Fig. 3a) but the staining 
intensity is much lower when compared to the intensity observed in the LTB and 
LTB-p treated fish. Omission of primary antibody controls does not show any stain- 
ing (data not shown). To assess whether the parvo peptide was taken up in gut 
mucosa, gut sections of carp were probed with the antibody specific for the parvo 
peptide. Clearly gut of fish intubated with potato-derived LTB-p .show positive 
naming of both enterocytes and macrophagc-like cells {Fig. 4), indicating that the 
parvo peptide is also taken up by the carp gut mucosa and suggesting that the fusion 
protein LTB-p is still intact. Gut sections of fish treated with control potato or 
potato containing LTB only did not display any staining for parvo as expected (data 
not shown). Uptake of LTB or LTB-linked parvo peptide could already be observed 
at three hours post intubation. 

These data show that LTB as well as die LTB linked parvo peptide is readily 
taken up by both carp gut enterocytes and macrophage-like cells. 
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Humoral ntpontts against p«t«to-d»fiv*d Lit and LTS-parvo peptid* 
upon anal immunisation 

Although it has been shown that potato-derived LTB as well as LTB linked 
parvo peptide was taken up in carp gut mucosa, it is still elusive whether an immune 
response is also evoked. Therefore, carp were anally immunised with potato sus- 
pensions containing LTB or LTB-p. Subsequently anti-LTB responses were mea- 
sured by Western blot and anti-parvo peptide responses by parvo peptide-specifk 
ELISA. Whereas blots incubated with carp pre-immune scrum arc negative, bands 
are visible on blots containing extracts of LTB transgene potatoes and probed with 
primary immune serum of LTB-p immunised fish (Fig, 5) Bands can also be seen 



LTB potato extract LTB-pp potato extract 

+C Pi f1 f2 f3 PI fl f2 f3 




fig, 5; Induction of LTB (&ec(c<J humoral immune responses. E*tracB of poiatoea conaiiios LTB (LTB pouuc 
extract) or parvo peptide- linked UB (Ll'b-p) wen Wotted and sotwemientiy prbtwd wita u> antibody toCvg 
Rising LTB moaomer (meii2, » cX pre-iauBune aerum (PI) and primary ironwM serum of thf* (liffc«a< 
fish anally immunised Wi!h I.T8-j> (H, 2 and >,!. An «o* indjeales ihe poaio'ofl of in* tTB wofKffltr. 
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potato control ue-parvo potato 



Fig 6l Induction of parvo pcpudcdirec'utd immune response*. Parvo peptide-»pec<fic antibody responses 
ware measured itt primary and secondary immune acntm of fish anally immunised with LTB-p. The 
parvo peptide-specifk: aaiibody response* ws» measured by ECSA. The mean antibody titre s *d of 
tMeeftthtfahowQ. 
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Zt^wSf f M™** LTB ;P * potatoes. The immunoreactive 
molecules migrate approximately at the same level as the LTB-mcnomer (c 1 2 kD) 
? V1S M e ° tt feLTO^coiitouitaj Mote are somewhat h.gh^parcTi 
* e b4nds v,5,t > le « LTB cor^ining blots, This might be explained by the dii% 
terence m molecular weight of LTB compared to LTB-p, whidi also contr a 
££? inciu ^. a *5*W P^ 0 M*** Arki-parvo response* in thl 

senim of hsh immunised w t th LTB-p were measured by ELISA. Figure 6 shows 
Aa ; the litres measured m the sera of fish m the LTB-p tinted group * on averse 
W'^T p ™ w L to T* control S'oup, although, significant results could cot be 
obtamed due to the relative small group offish used £ this pilot experiment 



Discussion 



„J5f. ose of edible vaccines and especially plant-derived edible vaccines for the 
protection against different diseases has repeatedly been reported [10 and refer- 
ences therein), Mere we use the plant expression system to produce oral vaccines to 
protect fish agunst viral diseases. As shown, the proteins of interest were readily 
expressed in the potato tubers. Subsequent, anal administration of potato suspen 
sions containing LTBocparvo.pcptide linked u> LTB resulted in binding and uSe 
of these proteins m the gut mucosa of carp. Clearly LTB and also the parvo peptide 
were localised from three hours post intubation in enterocytes and macrophage like 
£5 f^f" 1 m f* * nd * ut <> { car P- paf vo peptide was also taken up in fish treated 
w th LTB-p-contairung potatoes, whereas no staining was detected in the gut of fish 
intubated with control potatoes or potatoes with LTB only. Strikingly LTB and 
parvo peptide were located in raacrophage-like cells. These LTB and parvo peptide- 
containing macrophages may be important in the induction of an immune response 
K^,°«P ^ with LTB-p containing potato suspensions and incu- 

bated for throe weeks (primary response), boostered after eight week* and subse- 
quently incubated for two weeks (secondary response) showed ana-LTP and anti- 
parvo pepude respond. Western blot aniysiT suggested thala LTB Erected 
antibody response was present in primary immune serum of carp intubated with 
ffK^rr^ LTB p - Anti -P^<> FPtide specific Ubodie, could 
also be detected m both pnmary and secondary immune serum. This indicates that 
*** ™*<* »S*in* the anally-mrroduced LTB. Although^ 
difference of the anti-parvo peptide responses between the control and the LTB-p 
intubated group was notsignificant because of the low number of fish tested the 

W?' ° f rt C LTB tS°*"*» *»* WtTe «"*i«««ly higher compLed to 
the control erouo, Desmte the tow immint of t t&-«. ^.^..-J ft. f .... r^T!r^V " 



ZvE^t £f Ul a 'E "} WOated w * re ^nsistenUy higher compared to 
the control group Despite the low amount of LTB-p intubated I (-1 ug LTB -tv fish ) 
anti-LTB andanti-parvo peptide humoral responses were observed. This \SX sag- 

S!S^ a T^Af^ at facilitatcd LTB, -which bindTto the 
cell surface gaoghoside CM-L The latter has recently been detected in carp gut fill 
ittZllf*? S.*"*J& teKMptorfor our observed LTB-dt^vefflten 
Ks Ae lr,] ?,,? f^' ^ B baVC a * uvant eftect - which consequently 
boosts the amplitude of the humoral immune response even when very low con- 
centrations of Ag are administered. 

.iJ?.^," 8 ! 0 ? k Can . 65 said **■ pO^tO-derived LTB or LTB-linked parvo pep- 
,tr '^ y UP in r C0Sal ce " s ofcaf P and that LTB and parvo peptid?- 
directed humoral immune responses might be evoked upon ana] immunisation 



Novu oral Vaccihk **wst Vwy. Dsusj in Fish 



149 



Ji tmt Kport or t ? ndin * and u P ,aie ofLTB and LTB-denved vaccines in 
32, S C Pf ^ S ', ng ™ ul ? that oral vaccination of fish osbg edlbevU 

SS i«S"» e< V n pltotS and ^ 0n ** muc0ial carrie * molecule Lll; rwulHn 
STSf ^5 an J mm " nc , tts P° ftie However, whether fth ^ mdeed ^ted 
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